This paper presents an approach that adopts the use of computer technology, vibration sensor, and signal processing theory for the condition monitoring of rotating machinery. In this work, a virtual instrument based on LabVIEW was developed to acquires and analyses vibrations of a test rig of rotating machinery. The test rig consists of an AC induction motor, a pulley-belt system and a shaftrotor system that were assembled. Vibrations of the test rig are measured by using micro-electro-mechanical system (MEMS)-based accelerometers. The measured vibrations are acquired in the time domain and are analyzed in the frequency domain by using the developed virtual instrument. In general results of this experiment are shown that the developed virtual instrument able to acquires and analyses the vibrations of the test rig.
INTRODUCTION
In the modern industrialized world, particularly the industry that produces a product, the condition of existing machines and supporting structures greatly affects to all of the aspects of production. Most of the machines in the industry are rotating machinery [1, 2] . Therefore, rotating machinery requires maintenance in order to be used as long as possible.
One of the maintenance methods that can be applied to maintain rotating machinery is the predictive maintenance based on the vibration-based condition monitoring (VCM). In the VCM, vibration motion is a characteristic of all types of rotating machinery. There is great interest in measuring and quantifying this vibration motion because it is indicative of the state and health of rotating machinery [3, 4] .
In rotating machinery, vibrations occur from cyclic forces transfer through existing machine elements. Measuring vibrations is one part of a VCM system in which repair and maintenance decisions are based not on rotating machinery hours or time but on the state or condition of rotating machinery. The so-called "vibration signature" of rotating machinery will tell the operator whether rotating machinery is operating properly and can offer an early warning if rotating machinery is beginning to fail [1, 5, 6] .
It is essential in a VCM system is to evidence the fault occurrence. The fault in rotating machinery gives an alert of its presence through an abnormal noise, an increase in vibration level, temperature or torque [7] . Furthermore, the fault will change the dynamic characteristics of rotating machinery and tends to increase vibrational energy.
In the olden days, methods by listening sound and touching were developed to determine whether rotating machinery is operating well or not. But, the classic methods are no longer reliable for currently because most of the rotating machinery are designed to run automatically, so interaction between operator and machines is no longer effective and economical; most of the rotating machinery are operating on a height rotation/speed, where vibrations have many and high frequencies and can no longer be distinguished by the human senses, so it needed a tool to detect and measure it; and lead to detection of the internal faults at a rather late stage [8] .
From this point of view, research has been carried out in the last years for the development of various methods for the condition monitoring of rotating machinery. These methods can be classified into the time domain, frequency domain, time-frequency domain, higher order spectral analysis, neural network and model-based techniques [9, 10, 11] . In this work, an approach for a VCM system is performed to acquires and analyzes vibrations that are caused by faulty bearings in a test rig of rotating machinery. The test rig consists of an AC induction motor, a pulley-belt system and a shaft-rotor system that were assembled. To measuring vibrations of the test rig is used MEMS-based accelerometers. The measured vibrations are acquired in the time domain and are analyzed in the frequency domain by using a virtual instrument based on LabVIEW. Here, the measured vibrations in the time domain are transformed into the frequency domain for investigating the vibrations due to using faulty bearings.
EXPERIMENTAL SETUP
In this paper, a VCM system for condition monitoring of a test rig of rotating machinery presented in Fig. 1 . The VCM system consists a virtual instrument based on LabVIEW in Personal Computer (PC), Arduino UNO, and two MEMS-based accelerometers. Vibrations of the test rig are measured by using two micro-electro-mechanical system (MEMS)-based accelerometers. These MEMS-based accelerometers are laid on both left and right supports of shaft-rotor system as shown in Fig. 3 . MEMS-based accelerometers are used to measure vibrations of the test rig due to test bearings. There are four 6302-2RS PTM test bearings that are used in this experiment. All of the test bearings are ball bearings and have a number of balls, n = 7. MEMS-based accelerometers and Arduino UNO are connected to the virtual instrument. This experiment is conducted by varying the placement of test bearings as below: 
RESULT AND DISCUSSION
Vibrations of a test rig of rotating machinery that are measured at the left support of shaft-rotor system are shown in Fig. 4 and vibrations that are measured at the right support of shaft-rotor system are shown in Fig. 5 . The vibrations of the test rig that uses normal bearings in both left and right its supports have only one dominant frequency at shaft speed (1xRPM). This frequency occurs because there is an amount of imbalance mass in the test rig. But, if the test rig uses faulty bearings in its supports, then significant peaks in vibration spectrums will appear at other frequencies. In this experiment, when the test rig use ball bearings that have n = 7 and its outer ring fault, the other frequencies appear at around 7xRPM and 14xRPM (its harmonics).
CONCLUSION
An approach for condition monitoring of rotating machinery has been done in the research paper. In this work, vibrations of a test rig of rotating machinery are acquired and analyzed by using a virtual instrument based on LabVIEW and are measured by using MEMS-based accelerometers. The virtual instrument is acquiring and analyzing the measured vibrations in the time domain and the frequency domain respectively to predicts the vibration frequencies of the test rig. In general results of this experiment are shown that the developed virtual instrument was able to predicts the vibration frequencies of the test rig. If the test rig uses normal bearings in its supports, then in vibration spectrums will appear one dominant frequency at shaft speed. But, if it uses faulty bearings in its supports, then significant peaks in vibration spectrums will appear at other frequencies.
